Jasmonic acid (JA) is a naturally occurring growth regulator found in higher plants. Several 
Jasmonic acid (JA) and its methyl ester, methyl jasmonate (JAMe), are naturally occurring regulators of higher plant development, responses to external stimuli, and gene expression ( Fig. 1 ) (for reviews, see refs. [1] [2] [3] [4] . JA was first isolated from cultures of the fungus Lasiodiplodia theobromae (5) .
However, most of the initial interest was in JAMe because of its volatility and presence in essential oils of Jasminum grandiforum L. and Rosmarinus officinalis L. (6, 7) . Commercial interest in JAMe by the perfume industry stimulated the study of its structure and synthesis (2) . Numerous derivatives of JA are found in plants including hydroxylated forms such as tuberonic acid and cucurbic acid and amino acid conjugates (2) . The role of most of the derivatives of JA is unclear although tuberonic acid has been proposed to regulate tuber formation in potato (for review, see ref. 4) . JA has been found in all higher plants examined and in general is estimated to be present at concentrations <10 ,uM (8) . The level of JA in plant tissues varies as a function of tissue type, development, and external stimuli (for reviews, see refs. [1] [2] [3] [4] . The Jasmonates are derived from linolenic acid in a lipoxygenase-dependent process ( Fig. 1 ) (for reviews, see refs. 2 and 3).
Their structure is similar to mammalian eicosanoids, which are also derived from lipids through the action of lipoxygenase (2) . Early work on the JA biosynthetic pathway by Vick and Zimmerman (3) indicated that linolenic acid could be converted into the cyclopentanone 12-oxophytodienoic acid (12- oxo-PDA). This conversion is now known to involve lipoxygenase, which mediates peroxidation of linolenic acid, followed by the action of allene oxide synthase and allene oxide cyclase (for review, see ref.
2). Allene oxide synthase has been purified and is a 55-kDa cytochrome P450 enzyme (10) . The resulting 12-oxo-PDA is converted into JA through reduction and three cycles of 3-oxidation (2) . Allene oxide cyclase could be a key step in this pathway because the substrate for this enzyme can be converted into ketols instead of JA (2) . Although the biosynthetic pathway of JA is now clear, there is less information concerning how JA biosynthesis is regulated during plant development or in response to biotic and abiotic stress.
JA can influence several aspects of plant growth and development (Fig. 1) . Jasmonate can induce senescence and leaf abscission and inhibit germination (1) (2) (3) (4) (12) and induces tuber formation (4) . Jasmonate can also induce tendril coiling (13) . Tendril (13) . Jasmonate has been shown to stimulate fruit ripening, most likely through its action on ethylene biosynthesis (14) . In addition, jasmonate stimulates the conversion of lycopene to 3-carotene (15) .
A role for JA in plant response to water deficit has been suggested because this stress induces the expression of several genes that also respond to JA (refs. 16 (21) . In addition, a second DNA domain was found to mediate responses to sugars (positive) (21), auxin (negative) (22) , and phosphate (negative) (23) . One question the present study addresses is whether JA increases in plant tissues exposed to water deficit.
In addition to its role in plant growth and development, jasmonate has been proposed as a key regulator of plant responses to pathogens and insects ( Fig. 1 ; for review, see ref. 24 ). This role was suggested when low concentrations of jasmonate were found to induce genes encoding proteinase inhibitors (9) , enzymes involved in flavonoid biosynthesis (chalcone synthase and phenylalanine ammonia lyase) (20, 25) , sesquiterpenoid biosynthesis (hydroxymethylglutaryl CoA reductase) (26) , thionin (antifungal protein) (27) , and osmotin (antifungal protein) (28) . Jasmonate also induces expression of lipoxygenase (17) . Lipoxygenase is involved in the biosynthesis of jasmonate and has been implicated in plant responses to pathogens (29) . The (20) and pathogen elicitors (25) induce accumulation of JA.
The role of JA could be clarified by accurate and precise determination of its levels under known physiological conditions. Several methods have been used to estimate JA levels in plant tissues. Initially, quantitation was performed by using bioassays based on JA's inhibitory properties (senescence promotion and seedling growth inhibition) (30) . Radioimmunoassay has also been used to determine JA levels (31) . Anderson (32) described an HPLC assay based on the coupling of JA with a fluorescent hydrazide giving a stable fluorescent product. All of these methods, however, are limited in utility due to a lack of specificity, sensitivity, or inability to estimate recovery. Weiler et at (13) (8, 16) . Tissue sections were excised under a green safelight and immediately frozen in liquid N2 and stored at -80°C until extracted. Soybean plants were grown as described (8) . Leaf number is as defined by Mason and Mullet (16) (34) or by using a modification of the isotope dilution equation. Since 7-iso-JA can isomerize to JA during extraction, peak areas corresponding to these two isomers were combined to give a total amount of both isomers. Generally, JA and 7-iso-JA were present at a 9:1 ratio.
For ABA determinations, leaf tissue was lyophilized and extracted as described (20) . After removal of the extraction solvent, the crude aqueous material was frozen and lyophi- Fig. 3 ). Lower levels of JA were found in roots although root tips contained significant levels of the hormone. The distribution of JAMe in these same tissues is similar (8) . In more mature soybean plants, JA levels were highest in young leaves, flowers, and fruit (Fig. 4) . Levels (Fig. 4) . Levels of JA in dehydrated leaves were low 24 h after imposition of stress (data not shown). In contrast, a lag time of 1-2 h occurred before ABA accumulation reached a maximum. ABA levels remained high up to 8 h (Fig. 5) leaves as they were dehydrated does not seem likely. To determine whether any changes in JA resulted from the procedure used to stress leaves rather than the dehydration per se, turgid leaves were turned over with the same frequency as leaves being stressed or were dehydrated by 15% of their fresh weight and immediately rehydrated. No change in JA content occurred with these two treatments (data not shown), indicating that the increase in JA observed during dehydration does not result from wounding (20) or mechanical stimulation (13) .
To determine whether JAMe was active as a promoter of stomatal closure (1), JAMe solutions were presented to the transpiration stream of soybean leaves for 4 h. Whereas 100 /aM ABA was effective in reducing the rate of transpiration 72% (from a control value of 5.0 ml/h to 1.4 ml/h), JAMe concentrations ranging from 1 to 100 ,/M had little effect (98-95% of the control rate). A concentration of 500 ,uM JAMe reduced the rate of transpiration 22%. The effect of high JAMe concentrations on transpiration probably results from a toxic effect since the decline in transpiration caused by 1 mM JAMe was not reversed by moving treated leaves to water (37) .
The rapid induction of JA observed in water-deficient leaves may result from turgor loss and related changes in ion transport. Changes in ion flow are associated with changes in turgor (38, 39) . Changes in ion transport and JA levels are also reported to occur with tendril curling (13, 40, 41 Ryan (24) has proposed that JA biosynthesis is stimulated by pathogens or insect pests through the production of elicitors and systemic signaling molecules that interact with specific receptors on the plasma membrane (Fig. 6 ). This model is consistent with the finding that carbohydrate elicitors induce accumulation of jasmonate in cell culture (25) . In addition, the peptide elicitor systemin induces the jasmonate-responsive pinlI gene at very low concentrations (42) . Systemin (Fig. 6) .
The induction of many jasmonate-responsive genes (i.e., Lox, Vsp, or pinll) by jasmonate is stimulated by sugars (sucrose, glucose, or fructose) and by illumination of plants (23, 44 Proc. Natl. Acad Sci USA 92 (1995) Proc. Natl. Acad Sci USA 92 (1995) 4119 Many of the JA-responsive genes are highly expressed in hypocotyl hooks, flowers, and young developing fruits (19 (28) . This suggests that responsiveness to JA has been combined with other effector pathways to further specialize the conditions under which genes respond to this plant hormone.
